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THE DESIGN OF A STEEL STACK 


OAD COMPANY. 


ENNSYLVANIA RAILR 
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Vs 
| have selected the Trenton stack to describe here, al- 


senna 
— 


a describing something which I did not see started in 


| 


While in the employ of the Pennsylvania Rail- 
‘road, I designed some power plant stacks. Two of 
ieee were of importance. One of the two was to be 
erected at the new Union Station at Washington, D. C. 


a | 
and the other at the new shovs at Trenton, N. J. r ij 


though it is smaller and although it does not possess 


@ parabolic bell at the base. My reason in doing 


this is because at the time of my separation from the 
Railroad Company , the architects of the Washington 
station were still trying to get the design, which 
is of ai. changed to brick. I do not know how 
this controversy ended, but as the work was not then 
Setugl iy iar was do an know feel justified in 
: | | 
accordance with the plans that I had laid out. 

the abiden of a stack can be naturally divided 


into two parts; first, the determination of the 


aoe 


| height and inside diameter, to conform with the size 


ene 


and conditions of the boiler plant, secondly, the de- 


ii corrections for an economizer-loss. I have some ine 


| Peclet's formula would have been, if allowance had 


termination of the dimensions of the outside walls 
and of the lining, so as to carry its own weight, to 
withstand the force of the elements and to be lasting 
both without and within.. I shall take up eaci tks 


different features in order. } Hi 


If there were any good formulae for determining 


the height and diameter of a stack for given condi- 


tions, I was unable to find them. Peelet's method 


of design uses many assumptions and does not give any 


teresting curves, compiled by Mr. Albert C. Wood of 


a 


DS eteiphia, which give bie drare at the damper of 
a boiler for varicus rates of combustion and other 
assumed bert tong. but ee no information in ree 
gard to the draft required when ine wil cendbas is used. 


The Railroad, therefore, did not want any of these 


methods used to determine the dimensions of their 
stack, but wished the losses of draft analyzed one by 


one. This is scargely more accurate, perhaps, than 


Sey Sis ig 
oe nas 
Te GR Ge 


been made for the economizer, but nevertheless I felt 
Quite  . safe in undertaking it as I had collected 
Ds diiablerchle reliable experimental data, which I used 
to determine all the principal losses, and the refer- 
ences were all backed up by results of many tests, 
whith-T had Gio bas pains to assemble, made by 
men of known eet ity: 
I herewith submit my report for the height and 
| diameter as presented to the Motive Power Office of 


the Pennsylvania Railroad Company. 


cerns 
en 


DESIGN OF A CHIMNEY FOR THE TRENTON SHOPS. 


It-is proposed at Trenton, N. J., to build a 


| 
| 
consist of four 400 H.P. Stirling boilers. The 


| stack will be placed to one side of these boilers. 


Eventually the Company will add on the other side of 


the stack four more boilers of the same size and 


| style, making a plant of 3200 boiler horse power. 


er 
eres 


power house for the new shops. The power plant will 


Pie ia tack will be used for all these toilers. The 
attached prints will show the half of the plant that | 
is to be Luilt now. It is the intention of the 
Company, that when the boiler plant is entirely 

built, that it will be of such a size that one or two 
boilers may be always shut down, and the other six or 
eran boilers ah at rating. It is, therefore, very 
cite to assume in designing the stack, that the maxi- 
mum horse power that will ever be required under the 
most hivonked for conditions will be such that all 

pieht boilers will be fired and running at thirty per~ 
cent over rating. That is, each boiler will be running 
a 520 Tore horse pie. and the entire plant will 
a aioe 4160 boiler horse power . It is the inten- 
tion of the Company to burn soft coal under these 

nbd ePe: 74 is pacinnked tha thes will require ul 


three and three-fourths pounds of coal per boiler 
horse power. We will assume that each pound of coal 


will require twenty four pounds of air to burn it 


or about twice its theoretical protion. 


It is almost true that the height of a stack is 


governed entirely by the draft it is desired to creat 
and the diameter is governed by the volume of flue 


gases. This, of course, assuming that the tempera-~ 


tures of the flue gases and the outside air remain 


constant. . We shall, therefore, find as well as we 


| can the various losses of draft in the boiler, the 


flue, the economizer, and the stack itself. 
The principal losses of draft are as follows: 
| Loss No. 1 Due to entrance of air into ash pit, . 
Loss No. 2 Due to change of direction as air curves 
to go up through the grate, 


|} Loss No. 3 Due to grate and fire, 


Loss No. 4. Due to increasing velocity from being 
the 
heated and expanded by,fire 


Loss No. 5 Due to friction against boiler tubes in 
the path of gases, etc. 


Loss No. 6 Due to decreasing velocity as the gases 
| are cooled by the boiler. 


Loss No. 7 Due to turn of gases into the flue, 


eee 


a4 
ie es 


Loss No. 8 Due to friction of gases in flue, 


Loss No. 9 Due to turn of gases in flue, 


Loss No.10 Due to friction and bends in path of | 
gases through economizer, 


Loss No.1ll Due to loss of velocity of gases by cool ing 


and contracting in economizer and flue. 

Loss No. 12.Due to turn of gases go up into the 
stacks, 

Loss No 135 - Due to friction and cooling in stack. 


There are also losses due to change of area of 


i flow. These will be very small, as it is endeavored 


LOSS BO, Ii. 


| 
ito keep this area as constant as possible. 
This loss will be the same in each boiler. 


We can therefore figure it for one boiler only. 
} The dimensions of the ash pit door will be about 
10' x 2' 5", or 24 square feet. Assume the air in 


the boiler room to be 80° Fahr. Now running at 


thirty percent above rating, the number of pounds of 


air required per hour will be, = 


| 


lo, x a x 520 = 46800 lbs. The volume of air would be 


Re ee Ok ee eeoT 1 cu, ft. per bour, or 177 ¢ 


14.7 x 144 


ft. per second. The velocity of entrance is therefore 


y 
a or say, 7 ft. per second. From Clark (Rules , 


Tatles& Data, P. 891) we have for the flow of air 


through an orifice, 


Le. Me Bee é ; 
V = 352 x .56 V(1+.00203 (t - 32)) h/p , where V = 


velocity of flow in feet per second. t = temperature 


in degrees Fahrenheit. h = water gauge to cause flow 


p = barometric pressure in inches, By substituting 


for p, 29.92 and for t, the temperature of the fire 


room, 80° F., and reducing we have 


V = 352 x .56 (1.00744 x h/29.05 or V = 37.74 


v- 


|Therefore h = royrep = rae nay = .034 inches of or 


T0re (ao. e. 
I shall assume that in turning, the loss is 
equal to the energy of motion the air has at en-= 


trance. I know the loss will not be more than this, 


jand as it is a very small quantity at most, so I 


think that this is a close enough approximation. 


; eee 
oie 
ag, 

on 


ls. 


a 49 
Z¢= the loss = 64.4 feet of gas head. 


Now the volume of one pound of air at 80° F. and at 


atmospheric pressure is, 


53.4 x 641 
4,7 x 144.006 (15,65 cu. Pt, 


Therefore, the loss No. 2 in inches of water is 


ag x 12 
64.4 x 15.65 x 62.5 = .0107". 


LOSS NO.  &. 


This loss will depend greatly upon the kind of 


grate or stoker used and its area, which will govern 


| the thickness of the fire. I have decided to fi- 


gure on .570% of water for this loss, as it is not 


decided: what kind of a stoker will be used. This 


value is taken from a test made by Mr. William Downs 


on the West Virginia Pulp & Paper Company's boiler 
plant. The West Virginia Pulv & hatin Company's 
boiler plant has some features in admins with the 
proposed Trenton plant. According to Mr. J. M. 
Whitham, ( Trans. A. S. M. EH. Vol. XVIII), .370" 


drop over the fire with common grates will burn over 


} 
t 
' 


forty pounds of coal per square foot of surface per | 


a 
Pele 
a te 


Me 


he 
¥ 
i 
o 
z 
+, 
is 


: 
: 


hour. From an average of five tests made by myself 


on the Babcock & Wilcox stoker under a Babcock & Wil- 
cox semi-marine boiler, this draft will burn 28.8 


pounds of the kind of coal we intend to use at Tren- 


ton. The stoker that will be put in at Trenton will 


have at least as much air space as the Babcock and 


i Wilcox stoker. | Therefore, z think that the value 
of .570 of an inch is quite ample for this means. 
| As a matter of bath ome oy as measured includes 

losses 1 and 2. I have, however, put tonnes 1 and 


2 in separately more for the sake of a compvlete anal- 


ysis than for a desire of accuracy. Losses 1 and 2 


i} are so small as not to make very much difference in 


the final height of the stack required. 

| Losszs Nos. 4. Coe 

All these tisnes may be summed up together and 
called -25 of an inch. This figure is again taken 


from Mr. Wm. Downs! test, and is I think ample. 


LOSS Oy. 8. 


tl spoke above regarding the area of the flues, 
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etc, being constant for each boiler. As the flue 


itself is of constant area, this does not seem to be | 


{ 
' 


true. The products of combustion will be made, how-~ 
ever, to enter the flue in such a way that a portion 


of its area in that part which is not carrying the 


| gases from all the boilers will be dead space with 


no air current in it. We will, therefore, take the 


total length of the flue from the farthest boiler , 


and the velocity of gases as if all the boilers were 


discharging into the flue at the farthest point from 


the stack, and figure out the loss due to friction 

in that way. This assumption is Si ahtiy inaccurate 
but is more accurate than the formula itself, which 
we will use. 


Assume the flue temperature to be 572° F.. Then 
the volume of the products of combustion of 24 pounds 


of air and one pound of coal is 628 cu. ft. ( See 


e 


"Helios", page 14). The total volume of the gases 


for the four boilers running at thirty percent over 


rating per second is, therefore, 


il 


aa —— EE — 


52 15 3 
Siw to * "4 * 020 2 4 = 11861 Cu Fu 


The flue is 5' 10" x 7! 4" = 42.75 Sq. ft. 
Therefore, the velocity is 1561 divided by 42.73 or 
51.85 feet per second. Oe Seteth of the flue is 
63' O". The perimeter of the flue is 26.33 feet. 


Therefore, the water gauge due to friction is, 


- 000000001872 x 63 Xx 26.55 x (31.857x (60) _ oni gy 
0.2 x ae. Vo ts | 


Where «000000001872 is the coefficient of friction 


as given by Navier (See Coupilliere's Course d' Exe 


| ploitation des Mines, Valume 2, Page 389). 


Loss HO. ‘9. 


at is the intention not to make the turn in the 


| flue with sharp corners, but to make it by gentle 


| curves. It is, I think, therefore, very safe to omit 


this value as it will be very small indeed, and as 
a matter of fact, it is taken care of by the coef- 


ficient used in the formula above. 


LOSSES NOS. 10 & li. 


It is the intention that the arrangement of the 


economizers at Trenton will be three economizers in 


ree i 
i 


series, each 16 tubes long and 8 tubes wide, on a ten 


tube spacing. The Manhattan Railway Power Station 
hae exactly the same arrangement of boilers, flues 

and economizers as we propose to use at Trenton ex= 
| cept that their boilers are 520 H.P. each or thirty 


percent larger than our boilers, and that they have 


four economizers in series instead of three. Now in 
m trial by Mr. H, D. Thomlinson on August 19th, 1903, 
it was found that when the boilers were running at 


thirteen percent over rating, the loss of draft in 


the economizer was .23 of an inch (See Trans. New 


York Railroad Club, Volume XIII, Page 398). Our 
| Stoniser being three quarters as long ought to re- 
| icire only three-quarters as much draft when the 

| ere are running about forty-five percent above 

| rating, which corresponds to the boiler horse power 
; 


the Manhattan plant was developing. I shall take, 


however the figure .23 of an inch, the same as the 


Manhattan plant, although it is a little larger than 


necessary, because this one test is the only test 


| 
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concerts seer 


the products of combustion in our problem that this 


that I know of where the arrangement of boilers, etc, 
is the same as the proposed Trenton plant, and I do 


not want to be absolutely sure of a reading taken 
only at one test. The Green people give the formula 


for the loss of draft due to economizers as 


(HE ) n 


Where L equals loss of draft in inches of water, 


n equals number of tubes of length of economizer, | 


H equals number of pounds of air per square foot of 


open economizer area per hour. It is easy to see 


how this formula was dreived by assuming certain laws 
about friction which may or may not be true, and whi 
certainly are not true between very wide limits. pipe! 


constants were obtained from a plant where each boi- 


ler had its separate economizer. Appolying this for- 


mula to our case we have, 


(520 x15 x 24x 4)” 48 a 
Cieee eee Gt ee C+ 442" 


I think, however, on account of the high velocity of 


result is too large, and I prefer to take the figure 


found at the Manhattan plant. 


LOSS NO, 12. 


| This loss I think will be very small, but I do 


not know how to calculate it. From observations 
that I have made it is not possible as a rule, to 


notice with an ordinary water gauge the difference 


in pressure on both sides of a bend in a flue or in 


the flue near the stack and in the base of the stack 


just above the flue. I shall, therefore, call this 


loss equal to .035" of water, which is a quantity that 
we cdvehd cn a Waber gauge, and is therefore, lar- 

ger than the actual ae sustained. Summing up all 

ase losses so far we have := 


i Loss No. l -.034 inches of water 


i .4 2 hee ark 
Hon 3 : .370 " " 
oe 260s ltl | 
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Loss No. 12 -030 inches of water 


Total Loss” : ; . 956 " " " 
Let us investigate the draft in a stack 225 feet 
high, which is practically the same thing as 225 feet 
eve the grates. Let us assume that the babeide 
sy will reach 90° F. in summer. Let us assume 
dhat the temperature in the stack is of an average 
of 375° ¥F. Then the water gauge that such a stack 
Dasa would create is. 


( a. . 3 ) t20 XX eee s -. 0807 = 1,06" 
(Gal “836 ) Pi : 


The height’ of the stack seems, therefore, as if 
it would do nicely, although we have not yet calcu- 
lated on the friction in it. 

. Let A be the area of the required chimmey at top. 


Total weight of coal burned per hour in, 
- 2 xe x520 = 15600. 


12600 = Py eee -1)x8 . «) & * 67.2 Sq.Ft. 


(This is the formula used by Mr. H. R. Heinicke, a 


radical brick stack builder) 
A = +06 * 15600 = 62.4 
J Bae (Kents Formula) 
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et us call the stack 9' 6" in diameter at the top. 
In regard to loss No. 15 which I have, or rather 
had to until now leave out, Mr. Heinicke's formula 
is supposed to be correct for this friction. 2 8 
customary with Kent's formula to add a strip two 


inches wide all the way around the stack for dead 


air space, or one may assume a height for the stack 
and use such a formula as I used to calculate. the 


loss due to friction in the flue. This formula | 


would not want to use for three reasons: First «= 


Probably the gases cool very much and, therefore, con- 


tract and change their volume, Second, = The area 
is not constant on account of the taper of the stack, 


and Third, = This formula is arranged for low veloci- 


ties, and gives too high values when the velocity in- 


creases very much. 


| In regard to adding a striv two inches wide all 


jaround the stack, it would only be necessary to ine 


rease the diameter at the top as far as draft goes, 


{_ this stack will have a taper. If we add this 
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I... inches to the area found by Kent's formula, we 


arrive about at the same value that Mr. Heinicke 
ligives. That is very close to 9' O". 
_We will, therefore, call the stack 225' 0" high 


a 9' O* inside diameter at the top. 


Respectfully submitted, 


John M. Maris. 
Altoona, Penna., 


18th July, 1904. 


We may sum up all these losses of draft ina 


general way as follows: 


Loss due to fire and grate 2415 

Loss due to boiler -200 

Loss due to economizer, 200 
Loss due to oo 081 
Tota 956 
This, of course, assumes that the stack is made of 


uch a diameter as practically to eliminate friction 


n its length. 


Bees hor ek by al 


The next question to be decided is the style of 
a stack to be used. The Pennsylvania Railroad Com- 
pany was a large buyer of the Custodis stack in fors- 


er years. However, it has had bad luck with these 


purchases. The stacks at the Olean and Eenovo shops 


both cracked slightly. The stack at the West Phila- 


delvhia shov cracked and had to be banded. The two 


stacks at the Altoona machine shop and at the Altoona 


jicar shop both cracked so badly that they had to be 


failures. This report seemed to show that the cracks 


Were due in all cases to over=heating. At all these 


These shavings were carried over by the draft to the 


then 
base of the stack where they burned. Occasionally 


|lexplosions were heard in the up-take. The tem- 


peratures of the stack, whenever taken, were found 


© be higher than could te read on a 1,000 ° F. pyro- 


ret te 
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meter. In one instance the asphaltum paint was 


burned off the cleaning door in the base of the stack 


some feet below where the flue gases entered. All 


these things led to the conclusions that the stacks 


ee were unlined and built for 600° F had been abused 


and greatly over=heated. 


However, the Railroad seemed to lose faith in 


adial brick stack. construction. The Webber, Kel= 


og and Steinl stacks were also examined, and I myself | 


ter inspecting quite a number made a report on the 


ieinicke stack. The road did not seem however to find 


nany of these stacks a marked advantage over the Cus- 


odis. It was, therefore, decided to use a steel stabtk. 


The objection to a steel stack, besides its lack 


f beauty, was its eating away from the inside, due 


o sulphur fumes and perhaps steam. An iron stack 
as, of course, almost impossible to get, and I doubt 


4f it would have been much better. © In the report 


made by the Westinghouse, Church, Kerr & Company to the 


Pennsylvania Railroad upon their new power plant in 


Eccanansasloamebashanivaccneroceconcenconalabed 


aes 
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= volt, and stack base so these things were like 


— ee = ene 


Long Island, they recommended to prevent corroding 


on the inside that the stacks there be made of steel | 


} 


and lined with fire brick grouted behind with cement. 


This lining is to extend to the top of the stack. 


I was accordingly ordered to build the Trenton stack 


of steel, and line it to the top with fire brick as 


was being done in New York. 


/ 


We now have to consider the design of the stack 


with respect to the thickness of its plates, etc. 


In the first place the Railroad has several standards 
in regard to stacks that it was necessary to follow. 


They have a standard astrigal, which is, I think, a 


good one. This was, therefore, copied. They al- 


ways in stack building, put the upper plate inside 


| the lower, and make each shift of plates a true cy- 


| Linder. This is better than the sloping method 


sometimes used, because the stack is not then streaked 


by the rain, is easier to build and is stronger near 


- the base. The Road has also a standard anchor plate, 


} 
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/Now if we have a one sixteenth inch plate, the allow- 


laa 


wise adopted... 

I was ina quandary at first to know how to find 
. the thickness ee required, until I got two 
Ecisss from Westinghouse, Church, Kerr & Company by 
looking over the denier of one of their stacks. 
oe suggestions were to plat the stress called out 
per inches cirecunference of the iron, and to make 
the aL Lowatle stress per square inch 1,000 pounds 
for every sixteenth of an inch of thickness of the 
cbcae: the remainder of the ics I worked out my- 
"walt. The reason for platting per inch of circum- 
ference el be apparent after looking at the curves. 
The reason for assuming ase strength of the plate per 


square inch to vary as the thickness I will explain. 


able stress per square inch is 1,000 vounds. hag 
we have a one inch plate the allowable stress per 
square inch will be 16,000 pounds. When I first 


came to consider the stresses ina stack I was very 


much perplexed. A stack is subjected to compression 


| 
| 
| 
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| d something in the manner of a 


ue to its own weight, 
column due to a superimposed load. It is also sube 
jected to bending, due to the wind. A little con- | 


sideration, or a glance at the stress curves, will shdqw 


that the stack will fail at the compression side bee 


| fore it will tear on the tension side. I decided 
that I wuld not consider a stack as a column for 


this reason. It can only fail in two places, as- 


suming on very good authority that it will not bulge 


as a whole. The rivets may either shear or crush at 


| the joints, or the plate may crinkle between two 


joints. As the plate is double at the joints this 


really divides the stack into short columns running 


from joint. to joint, and if the rivets are properly 


| Placed we have only to fear the crinkling of the platap. 


This is what led Westinghouse-Church-Kerr and Com- 


pany to consider the strength of the plate per inch of 


circumference to very as the square of the thick- 


ness of the plate. This bears an analogy to the 


strength of the column per square inch, which varies 


almost as the square of the radius of gyration.. 


(See Berg's Safe Building, Paze 25). I do not know 


what theoretical reasons except what I have just 


mentioned led them to make this rule for compres- 


sive strength of stacks, but I do know that they have 


tried it out many times, and found it always safe and| 


yet not wasteful of material. All column formulae 


are built on assumptions, and must be proven by 
tina tests. Everersun 4 think that I am fea 
fied in using the above rule, which is probably quite 
accurate, and I feel much on accurate than most 
Bg formic. Wy next trouble was this. R & ee 
hake tx stiees due te the weight of the material, 


how am I to find the stress due to the wind moment 


| separately. It does not seem that I ought to take 


the moment of inertia for the formula M equals S x I 


divided by C, about the center of gravity of the 
stack at any given section, because the center of 
gravity is not on a neutral axis, on account of the 


direct compression. In the first stack I designed 


SS 
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:, corrected for this error by using the formula given 
by Robertson in his Strength of Bridge Members." 

| Sure 7 

After I finished this job, I worked out the maximum 


stress over again by adding the compressive stress 


| to the stress called out by the resisting moment , 


assuming the neutral axis to pass through the center 


of gravity of tie heetinn I found that my error 

| th the last. calculation was so slight that it was 
not rks while to take all the trouble I had spent 

I an correcting for it, and therefore I used this same 

| approximation for all future stack problems Leeledise | 

| this one. 


I will now derive my formula for the stress in 


in the stack due to the wind at any section. As= 


sume that on account of the plates lapping eachother | 


| 2 the way down the stack is conical. 


|Let W = the wind pressure per square foot of pro- | 


Let 1’ = outside diameter at top in inches. 


distance from top of stack to section under 


i 


| 

| | 
jected area of stack = 25 pounds. | 
oe. | 

| 

Let h 
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consideration in feet. “ 


| Let D = the outside diameter of stack at section | 


ce mona SIC oNSoNt EEE SETH 
scapes nic ene 


| 
: i 
under consideration in inches. - 


Let d = the inside diameter of shell at section un- 


der consideration in inches. 


Let t = thickness of steel at section under consider- 


ation in inches. 


stress per inch of circumference in pounds 


Let q 


Let V 


ation in inches. 


it 


Let S stress called out per square inch.in pounds. 


i 


mean circumference of section under considere- 

Let I = moment of inertia of the section about a 

| line taken through its center of gravity in inches. | 
: 

Let M = the moment in inch pounds due to the wind = i 


the moment in inch pounds called out in the section. 


M= wy, h (D - 1Y)W ly hye 
= nu = g x 12+ 13 xh 5 = | 
wa 28 f = Ste) a & 5.1416 


ot “SnD 


aq, it is S = q divided by t. | 
me on(D* - Pais ..¢ ee a”) (D* - a” 5.14 


sso Saha ta = 


s2 Dt AxsD)Dt. 


z 2- q , zy 2 
(D d EE ee ek as (D" - : pels 
1, 2, a. 
tt is, U2 — yx Uo (1+ 1/ep) 
" c BD Wb’ (i F i/eD) as 
os OMe a yo. 
25 pounds. 


. It will be seen that q is independent of t which 
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i 
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is correct. I have worked this equation out in other 


forms, but I find the one given the most convenient; 


D’d and V can be looked up in the tables of any aa 
book. 

It will be seen that they are three separate 
stress curves. The one due to the weight of the 
| tates ( the rivet heads and laps and ladder being 


neglected) to which is added the weight of the astri- 


| gal, the one due to the weight of the lining with 


its supporting Z bars, and the one due to the wind. || 
All these three curves, also the summation curve and 
also the allowable strength of plate curve must be 


plotted at the same time. The curve for the strength 


| of riveted joints may be put in afterwards. However 


| 
| we must start one of these curves first, as for ine 


. 
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stance the curve of stress due to the weight of the 


plate. It will be noticed that the curve sheet is 


sectioned. The abscissae represent the height of the 


stack with the top at the left of the figure, where, 
| of course, the curves are started. The vertical | 


lines are drawn every five feet since it was decided 


to make the horizontal joints in the stack five feet | 


apart. The ordinates represent the stress per inch 


lof circumference, and are divided for every hundred 


pounds. 


| | | 
In plotting the curves first we assume the thicke- 
i 


. 


iness of the top vlates, which in the case at hand was 


Itaken as 5/16" in good practice. Naw to commence 


a ill 
ithe plate stress curve, the astrigal, by computation, 


llerom the accepted design weighs 10 1/2 pounds per 


inch of circumference at the top of the stack. This 


weight is laid off on the zero line of height. The 


weight of the plate is found from any table to be 


————_ 


ong, hence the weight of plate at ten feet down the 


jfL.06 pounds for a strip one inch wide and one foot 


Zz 


-as the diameter of the stack is increasing all the 


are omitted, I think that this curve is nearer cor- | 


divide by the circumference in-inches at that section, 


stack per inch of circumference is 10.6 pounds. 


If we add to this weight the weight of the astrigal, 
per inch of circumference, we find the height of the 


plate curve at the vertical line representing ten 


feet to be 21.1 pounds. Of course, one may say that 


time the plate curve should be corrected for this en=- 


largement. This is perhaps true, but as the weight 


of the laps, the rivet heads, the ladder and the paint 


rect than it would at first appear. For a very com- 


plete analysis, it might be well to figure the weight 


of the stack carefully to different sections, and 


| 


See 


but where work has to be got out quickly, and since 


the stress due to the weight of the plate is such a 


small factor at best when compared with the wind i 


curve, the method that I followed is plenty accurate |] 
: alg | 


enough. If the stack had a bell at the base it woul 


be necessary. on account of the great increase in a 


» 
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eter to make the necessary correction tor the ine 
creased circumference by getting the total weicht 

to the section in are as stated above. I want t 
settle a little criticism that may arise concerning 
all the three stress curves right here. That is 


the curves ought to have little breaks in them every 


sseeuan 


five feet where the section suddenly changes. In 


ee 


all cases where the strain is figured at the joint, 


/ it was fugured for the top or weaker’ plate at that 


Joint, and the curve drawn through these points cal- 


culated will be consequently higher and therefore | 


show a greater strain than an accurate analysis 


| would show. As this paper is not supposed to cor- 


| rect for errors that are not of any importance but | 
i % 


is supposed to show a method of designing a steel 
stack against time, these little corrections are not 


| made in any of the curves. In dismissing the plate 


curve, we would say that this curve is carried on to- 


gether with the other curves to eighty feet from the 


top, where it is found necessary to use a heavier 


é 
ie 


aan 


plate. At this point the weight of plate per inch 


pf circumference is 80 x 1.064 10.5 = @B.8+ 10.5 = 


95.3 pounds. At this point, as we have said, it is 
found necessary to use a 3/8" plate which weighs, ina 
strip one inch wide and one foot long 1.28 pounds. 


Therefore, at ninety feet from the top, the stress 


curve would be 95.3-++ 1.28 x 10 = 108.1 pounds. The 
plate curve is platted in this manner with the other 
lleurves all the way down the stack. | | 
We now pass on to the curve due to. the “vip of 
ithe 8 ip Fee Sat og The lining is suppdrted with six inch 

bars every twenty feet. These Zee bars are held 

| o the stack by the same rivets that hold the plates 


lat the joints when the joints are single riveted. 


When the joints are double riveted, the Z bars are 


fastened just below, as it is not possible to put two 
ee of rivets through the Z bar flange. The first 
ieght that the plate receives from the lining is 


herefore twenty. feet below the top of the stack. 


The weight of the lining is taken at .08 pounds per 
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cubic inch. Now at twenty feet from the top the 


inside diameter of the stack, just above the joint, 


point, the diameter is 108 5/8 inches. Therefore, 


| 
is 120 5/8 inches. Inside the lining at the same | 
, | 
| 
the mean diameter is 114 5/8 inches and the mean circum - 


'ference is 360.11 inches. If we approximate at all 
to the weight of the lining, we must, to be safe, 


make the lining appear a Dittl es heavier than it reall 
is, and this is what. I propose to do. Therefore, 
for the weight of the lining for the first inane 
feet we will have, .08 x 360.11 x 6 x (20 x 12) or 


41,484.67 pounds. Now the Z bar weighs 22.7 pounds 


per foot. Therefore, the total weight of the Z 


bar is 22.7 x 360.11 ~:12 = 681.21 pounds. There- 


fore the total weight supported by the Z bar at 


|| twenty feet is the sum of 41,484.67 and 681.21 or 


42,165 pounds. The mean diameter at the section in 


| question is about 120.82 inches. Therefore the 


mean circumference is 379.57 inches. The load per 


inch of circumference is consequently 42,165.88 


| 
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divided by 379.57 or 111 pounds, which is the height | 


of the curve due to the weight of the lining at twenty 


feet from the top of the stack. Now at forty feet | 
the mean circumference of the lining is found as be- 
fore, and this is used to find the weight of the 
lining and Z bar for its support between section 

| twenty and forty. To this is added the eeaghh of th¢@q 
first Loeaty feet, nemerd 42,155.88 pounds and this 
sum is divided by the mean cireumf erence of the stack | 
at section forty. The same operation is performed 

oe sixty feet and eighty feet and so on down the 
stack, always a ae the weight of the lining already 


found to the weight of the lining for the first twenty) 


feet above the section in question. At a little = 
than forty-five feet from the base of the stack is the 
er Z var. The Lining from Sie. on is carried on | 


the foundation. The curve from this last Z bar is 


considered a straight line. It should really drop 


|} a little due to the increasing of the stack's circum- 


ference, but as there is no regular bell on the base 
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we will assume as we did with the weight of plate cur 


that the stack is a true cylinder. The lining at 


the base is spread out to twelve inches. The pres= 
sure per square inch on the Lining at the bottom due 


to its own weight is, therefore, about 45x12 x 9 


| 
iia by ihn 405 pounds. chin: ts well within” | | 
om ee ect of fire brick. Over the open- 
ings for the flues there is a Z bar, put there more 
to stiffen the openings than to support the lining . 
As the dea rests on the foundation, it will reale- 


ly arch itself over these openings and the thrust in 


the arches will be taken up by a horizontal tension 


in the plates.. Therefore, the stress the plates re- 


ceive from the weight of the lining at the flue open- 
ings has been disregarded. In Baker's Masonry, a 
‘method is given for finding the bending moment . 


in lintels, ete., caused from brick work above. 


This moment is very small compared with the total mo- 


ent all the lining above the opening would create, 


and, therefore, in my problem, as I have said, the | 
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firebrick is not considered as resting on the Z bars 


above the flue openings at all. 


We will now say a word in regard to the curve 


due to the wind. I have before worked out the fore 


mula due to the stress caused by the pressure of the if 


wind, which is tension on one side of the stack and 


|| compression on the other. The wind load curve is 
platted from the results of this formula. When the 


| curve is platted as far as the roof line a question 


arises. There will be no wind pressure below this i 


line, therefore, shall we not make the curve from | | 


here on a tangent line? As the stack was going to 


be built, before the boiler house, and as this extra 


|| wind pressure amounted to very little at most, from | 


this point on, as will be seen from the curve diagran, 


was decided to figure the wind as acting all the way 
down the stack. a. : 


Now the ordinates of the curves that we Have 


| 
| which shows almost a straight line at this point, it 
| 
| 
| 


= if added together, will give the maximum com- | 
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pression that will occur in a stack per inch of cire- 


cumf erence. This curve is also platted on the el 


curve sheet. The sum of the ordinates of the vlate 


curve and the lining curve, subtracted from the wind 


curve would give the maximum tension in the »nlates 


per inch of circumference. This curve was original- 


ly platted by me on the curve sheets of stacks. I 


found, however, that when a stack is lined, the ten- 


sion was so small as not to cut any figure compared 


with the compression, and it was only necessary to not 


get the pitch of the rivets so small that the joints 


in the stack would not stand much tension L%, is al 


most impossible, however, to make a mistake here, 


because the pitch of the rivets is limited by the 


size of the rivethead, for it is necessary to leave 


room to. drive them properly. Therefore, on my subse 


quent stack curves, including this one, the tension 


is entirely omitted. 


It is now necessary to plat the curve due to the 


strength of plate. I have discussed the three stressl 
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‘which depend on it. The first thickness of plate, 


} of an inch. The stress allowed in this plate per 


curves as though each were drawn to completion before 


the thickness in the vlates was determined. A moment 
Di detderaticn will big hetecer. that this method wa 
impossible, and that it was necessary to plat all 
curves practically at once.without letting any one 
curve get far ahead of Ans others, because where it 


it is necessary to change the thickness of the plates, 


it was also necessary to change the other curves 


as I have said before was chosen as fiveesixteenths 


square inch was therefore 5 x 1,000 or 5,000 pounds. 


Now above the roof line the stack was subject to the 


| effects of the weather. It was, therefore, decided 


that ahove the roof only eighty per centum of the al- 


lowable stress would be used. Eighty percentum of 


5,000 pounds is 4,000 pounds, which is the stress 
per square inch that we will allow on the tov shift 
of plates. The stress allowed per inch of circume 


ference is, therefore, five sixteenths of fourthousan 


cr 
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curve is platted, as can be seen from the diagram to 


pounds or twelve hundred and fifty vounds. This 


to this height. It will be noticed that the weight 
of the lining added at eighty feet from the top of 
the stack is too much for a five-esixteenth inch plate. 


At this point, therefore, the next heaviest or three- 


eights inch plate must be used. The height of the | 


curve at this point is, therefore, 3/8 x 6,000 x.8 | 
or 1,800 pounds. The plate has to again be made 


thicker at one hundred feet from the top of the stack 


and so on down to the roof line of the building. At 


this point the allowable compression in the pnlate is | 


10,000 x 5/8 x «8 or 5,000 pounds. From here on 


there is considered to be no rusting effect, and the 


full working strength of the plate is allowed, namely, 


10,000 =x 5/8 or 6,250 pounds per square inch of circum 
ference as shown on the curve sheet. It will be seen 
that the summation curve of the three loads on the 


| stack reaches about 5,850 pounds. If the stack had 


been much longer, or if it had been entirely out of 
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thickness. This weight of plate had to be put on 


doors, it would have been economy to use a bell. 


This bell in practice is generally not parabolic, 
but each plate is put on a batter of about 3/8" to 
the foot, besides which there is, of ee ee ex= 
tra spread due to the plates lapping one another. 


The heaviest plates used in our stack were 5/8" in 


about sixty feet above the foundations. It would 
not have been practical to have started a bell up so 
high that the size smaller, namely, a 9/16" plate 


could have been used on account of the large diameter 


of the stack “ai the bottom, and on account of the 

Miia ded: expense, This Aces diameter would not 
De hors jot the flue openings, but would 
a have crowded the boiler house very much. 


In regard to the opening in the stack for the 
two flues almost nothing has been so far said about 


them. It is only necessary to substitute a section 


of metal equal to that cut out. This has been done | 


as will be seen from the drawing by putting structur- 


| 
| 
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“ves are all finished, as it is always possible to 


steel shapes and plates along the sides of area equ 
to the metal taken out. This reinforcement is riveted 
to the stack securely, so that the rivets will not 


shear or crush before the allowable stress in the 
plates is reached. 
We now come to the rivet curve in ovr curve 


diagram. This may be vlatted after the other cure- 


make the joints strong enough. As I have said 


before, the joint has to be designed only against 


compression. Now the only way the joints can fail 
is by crushing or by shearing the rivets. All the 
joints are so arranged that the rivets will shear 


before they will crush. This result can easily be 


bdtained by looking up the strength of rivets in- 

any steel company's hand book. These show very 
ckearly the vies of rivets for certain thicknesses 

of plate that will shear before they will crush, | 


and it is only necessary to choose such a size rivet 


in designing a joint. 
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The first size of rivets used are 3/4 inch on 


ae 1/2 inch pitch. The area of the rivet is con- 


sequently .442 square inches. The safe shearing 
stress per square inch is assumed to be 10,000 pounds 


Therefore, the safe shearing value of each rivet is 


4 4,420 pounds. This rivet supports 2 1/2 inches of 


plate. The allowable rivet stress per inch of | 


circumference is then 4,420 x 2/5 or 1,768 vounds. 


As in the allowable stress of plate curve, only 80 


percent of this value is used above the roof line 


to allow for rusting. Eighty percent of 1,768 is 


1,414.4 pounds. This will be found to be the value 


that is platted on the curve sheet. This size 


rivet will be found strong enough until we get down 


eighty feet from the top of the stack, where 7/8 
i : 


inch rivets on a 2.1/2 inch pitch are used. The 


a 
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i 
| : ; | 
| game method of calculating the strength of the 

rivets per inch of circumference is used as before, | 


and we go on using stronger and stronger joints suc- 


cessively until we get 55 feet from the base of the 
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stack. Here it is necessary to use three rows of 
7/8 inch rivets, two of which are an ad Lfe tnck 
pitch and one on afive inch witch. The allowable 
strength of the joint ver inch of circumference is, 
therefore, .601 x 10,000 x .8 = 4,408 pounds, since 
there is just one rivet for every inch of circume 
ference. When we get below the roof, however, we 
allow the full working strength of the rivets, just 
ss dia with the platen: (this is -601 x 10,060 
or 6,010 pounds per inch of circumference as can be 
a the curves. 

Now in regard to the vertical seams in the 
plates, nothing has seu vite about them before. 
According to our formula for strength of plates, no 
stress hi eremied in biieas jatnts at all. E46 
net think this is very f ar from veal because we 
use such heavy plate, and such a heavy wind pres-= 
sure that the ubatnaire not liable to have a ten= 
dency to buckle. These seams are, therefore, taken 


| 


from practice without any calculation whatever. 
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The rivets were put on a three inch pitch all the 


way down the stack. | Three-quarter inch rivets were 


used for the first 80 feet, and 7/8 inch rivets were 


used all the remainder of the way down, as will te 


seen from the drawing. 


We next come to the anchorage of the stack. 


As the sheets rest on a cast iron base, the rivets 


which hold the sheets to ‘his base wiete need stand 
only with shear due to tension. Now this tension 
per inch of circumference is the difference between 
the height of the wind curve and the sum of the 
weight of plate and lining curves. ‘From the dia-= 
gram this is found to be about 3,150 pounds per inch 
of circumference. On a three inch pitch with 7/8 


inch rivets, the efficiency of the plate against 


. tearing is say 66 percent, allowing for the injured 


plate around the rivet hole. If the allowable 


stress against tearing is taken at 16,000 pounds 


per square inch, the Bafe tension per inch of cir- 


cumference on the plates will be 16,00C pounds x 
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= 5/8 x 2/3 = 6,667 pounds, which is more than what 


is puuedred: In regard to the rivets, the same 
| method is used in finding the strength of that joint 
for tension as was used farther uv the stack for come 
Dr iseicn. always veing sure, however, that the rivets 
will net eee In the given conditions and dimen- 
sions, this strength per inch of circumference is, 
, ~601 x 10,000 x 2/3 se 4,007 pounds, which is safe. 
We now sa the foundation bolts, they also 
have to stand only tension. To find this strain 
icantly would be a very difficult task. I there- 
fore propose to approximate as follows. The circum= 
ference of the stack at the base is 501.41". There 
| Rca int sen holding down bolts, therefore, each bolt 


must have to take care of one-sixteenth of the cir- 


pumference or 31.34 inches. | Now for each inch of 


circumference there is a pull of 3,150 pounds, as 


we know. Therefore, the total tension on each 


bolt is 3,150 x 31.34 or 98,720 pounds. Of course, | 


there are many objections to the method of calculationk 
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I have used. It must be remembered, however, that 


on one side the stack is pressing down over a certain | 


area of concrets, and on the other it is pulling up 
given 
against certainacomparatively small rods of steel 


land, therefore, an exact solution would be I think 


very difficult to obtain. I consequently think 


ithat my solution of the tension in foundation 


bolts, although probably too large, is close enough 


for practical purposes. The Road has its standard 


lsize of anchor bolts, namely 2 1/2 inches, which it 


|iwas necessary to use. I would have preferred to 
| 


juse a larger bolt, but I think that the size used 


jwill hold all right. Say we figure on an allowable 


Istress of 20,000 pounds per square inch. I have 


taken this allowable stress a little high because. 


the method I used to find the tension in the bolts 
ae values somewhat high. Now the area of such a 
jjbolt at the root of the thread is 3.64 square in- 
ches. Cheteineae the allowable tension in the 


libolt is 72,800 pounds. The tension required, as 
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we have calculated, is 98,720 pounds. It would, 


‘The following excuses may be extended, however. 


therefore, seem ae the elt used is too small. | 


in tne firat ss the wind was considered as acting 
all ie way down bie stack, then the tension on the 
Bort was considered as eektoe on the circumference 


of ie stack instead of about nine inches from it, 


Pehen the tension 1 to the wind was considered uni- 
| iis all around the bans of the stack, and Lgesl ys: 
2 the céuecete on ene insta of the stack base, which 
| holds: down the aie chur has been neglected. i 
ir had my way ; I should have used about three inch 


| bolts, hat 7 do not acuie or one minute but that 


| the ones used will be strong enough. 


= now come to tua asthe of the foundation 


Desai: ‘Unfortunately I aie _ fiom out this 


foundation. : andiated in aia the Pret design 
of the base. This, Reser, had to be changed en- 
tirely on account of acer pie mea. to fit in with 


other foundations; also the character of the soil, 


thistetae we 
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jjwhich at first was thought to be of sand was found 
Ilto be of firmer material. I will content myself, 
therefore, with simply investigating its stability | 


as it is built. Now as long as the resultant of 


| the wind and load forces fall within the middle 


|thira of the base, there can be no tension on the 


jconcrete. The foundation bolts run down well into 


the base, and we\can assume that they take all the 


sale as far as the anchor plates. We have, 
Ps 
\therefore, only to see if there is any tension be- 


i, [tween the foundation and the earth on the windward 
Bl eiae of the stack, and if the compression on the 

) lotner side is within the safe limit of bearing power 
cs the earth. This bearing power is assumed to be 


‘ile 1/2 tons per square foot, the weight of the earth 
er. 


¥ 


presting upon the different steps of the foundation 


is neglected, although some engineers take it into 
account. The total weight of the stack with the 
[Lining is 682,176 pounds, the weight of the founda- 


Tf ie 
tion is 1,485,405 pounds, the total weight is, there- 
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fore, 2,167,581 pounds. The area of the base is 


| 784 square feet, the pressure per square foot due 


to weight is, therefore, 2,764.6 pounds. Now the 


height of the center of wind pressure above the base 


is found by the formula, 


ou aoe. 8 
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where D diameter of shell at floor in feet 13.30 


Where D = diameter of shell at top in feet = 9.93 


where H = Height of stack in feet = 225.00 


Therefore S = 107.6 feet. 


The projected area of the stack is, 


(D +D')H x 1/2 = 2,613.4 square feet 


Therefore the moment tending to overturn the stack 
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where s = pressure or tension per square foot, 


where I/c = section modulus of base area in feet 


cubed. Therefore s equals 9,035,000 divided by 3658. 
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PENNSYLVANIA R.R. CO. 


TRENTON SHOPS. 
LIGHTING & POWER PLANT. 
STEEL STACK. 

STRESS CURVES. | 
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